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(57) Abstract: 

PURPOSE: An optical pickup device for high-density optical recording and playback is 
provided to increase the number of apertures while using an SlL(Solid Immersion Lens) 
in a plate side of an optical recording medium, so that a size of an optical spot is 
reduced. 

constitution: An optical module (100) generates and emits light, and receives light 
emitted in an optical recording medium(200). An objective lens(160) for light 
collecting arranged in an optical path between the optical module and the optical 
recording medium, collects light emitted from the optical module to a signal 
recording surface(202) . An SIL(180), arranged in an optical path between the 
objective lens for light collecting and the optical recording medium, has a first 
surface(181) formed in plane and a second surface formed in spheric, wherein the 
first surface is toward a pi ate (201) of the optical recording medium and the second 
surface is toward the optical module. The SIL collects beam from the objective lens 
for light collecting, and images the beam in the signal recording surface of the 
optical recording medium after passing the plate of the optical recording medium. And 
the SIL is made of materials having a refractive index identical a refractive index 
of the plate of the optical recording medium. 
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(54) %7]^ ^ *B^-g- *>*3 



i£T$<q v^t JL^S. %7}^ Tfl^-g- 3*|fe. 3"-§- ^3. #A>«}3L ^-71^- nfl^oll^ ^3*Hr 

^S^, ^-JiL^-S^ #A}3 33-g- tflf-ftSSih ^-71^ 7l#3M) -S-71 #7^ 

cfl^l^) 7]^^\ 3=*Hr *U*9fr 3"7l 3=3^ ^2^-8: T^-i" 3?) ^ 

s\ 7>3fe Ji^l 3*1 33-8- ^ Ufr 3LSJ| <Q 

A>«H 371-^1] SflS) 7l«4^M-^«4 #71 ^^)£1 Al3L7l^-^o]l ^S^, ojuf 333. 

^341*1 3"7l aisfl 3*1 ^3 *Hi3*W3 7lel(L0)fe^4 £4. 



L0 = f - (nl 2 - n0 z )R/(nl nO) - t 

H7H fe 33-8- 2:37lal, R-fr jU| 33 ^3 3:3. m-fr :M 33 ^3 #31% nOfe ^71 #3 

tfe 37l^"lM3 *MI3.) 

tiias 

5. 1 

33^. 33 tys., 371-s^M, t^lia, 33-71 c^a. .3.333^. #3^- «H« .2.3.5=. 37] sj- 



- l - 




^•2002-0037638 



^3 *)U -8*14141 alUSl ^-71 s. ^ ^.g. ^11- S^uL, 

£ 2fe « 3 AS. ^«^7> ^ vm£- tH Al3°l £A]^ S^oIji, 

S. 3afe £ ^^-8- 4t-<fla4- ^L^l 3*1 «2t E^»l3L, 
£ 3bfe 3E. 3a^ j«<j $*1 «S7> ^VlM*) S.iS«l3L, 

S. 5fe -gr *)|2 -a *H «fl 4# aL^£ ^-71^- ^ t}|^-§- #*1# SA^ S^o]^ 

£ 6-8: #3^3^ 7l*ti«H>| .$o} ojAV^ ^/tWKt ^efl 7l«4| »Ht *«W W S.A]tb Eti«H. 
S. 7^ t^iS^l 7l^ofl^ |Jol <aAV*M 7l-^/7))>g^fe ^2fl 7l*4| E*l.« 

HMM 71^ « n 3-0)3 #efl7)^ 

* U^-Sr ^^^3.4 *7l^- 71^-, Tfl^^l #*H «-tF 3L«£ 7l^- 



9040) £t}. X|-§-£- AH- «H*|-5l 7fl^4| «*H*}7l nfl^-ofl, ^-^^ 37l# #<>lfe- ^.-fr 3 

4] S^lfe 4*«S>0*1 7fl^# 37(| *Hr HH8«1 ^^3- 5A4. ^€3 ^-g- #°lfe 

as. ^^HS-* a] 7l «M *l ^.s.^ 7M 6 1 4 «8 f"4 4. 



^loflAi a}^*^ ifll-^iTflS) 7HtS^S 37fl *}^*\ ^5,125.7503.<»flA-l 

JUfl 3^1 ^S(Solid Immersion Lens: SIL)§ a>^-«>^ ft]i35| Ai^l^^oJl ^:=f-^^ JL^ «a# 5 

^A]^ 7fl^* 37(1 «^ «8-^<>l 7MM«H ^tA^, £ 6-^1 A]~g-t!- ^|7> S.A}^^ 

* J§^1]AS S)JL ^^«-7l(14)# ^^-8- tfi#^S(16) « j!^ ^a(18)» if-SHr 

7^1 €^(18)fe 7B^«M: 3711 *Hr ^^3(20)5) A) 3:71 -^^(19)^011 €4. °H Al 

3.71^(19) AJ-41 n 7l^AS-¥-El S)W*A>5l<H T^-Al Jl^l ^^1 «2:(18), ^^-g- tfll-^2:(16)§ 

713 «*-tt7l(14H $3., «€«7l(14)4|Ai ^A>s)ol «=^(22)# 713 ^#7l(24)S. ^AV^tj-. # 

^#7l(24)fe «aA>^ ^J^- 4d&«H €2flSl -a^-S. 7fl^tb4. 
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33 344 3*3^(16)4 m 33 3^(18)* 443 ^33fe 4^43 3L7]fe 
d - w / (NA * n) = w /.NA +a 

333 dfe 4^*3 *]4 WXT 4444 433 ^, NAfe 344 3*3^3 ^-7] *333 7)1^, n °- JlSfl ^4 
32:3 *4*34. ^4^6.5. 3L3 3*1 ^2* ^"4*3 * 33C&4 2 34)3. 3343 4444 34 -fi-JL 34 

^(NAfri )7> 335.3. 443 44 4^4* 334 4 sasa4. 

n34 jLsf| 3;*) «2(i8)« 43^3(20)3 43:344(19) 433 aH-4<^ 71444 43334, 34/33 33 
:a3 33 3^(18)4 43^a(20)7> 33 4£« 4 #33. 44, 4^ 43 343 ^ia«l 43.3*33 3Ji 
7} ^43 7}433 22, 4344 33 Si 4 2:444 34 4344 ^s. <?143 33 7M 443 34 g *33 
347} 3^ 4 5S33, 43^h4 «fl 433 £4* 44 4 $584. 



334 *3* 3343 343 43^23 714 433 41*1 «2f 4443 £4 2:444 433 34 43* 

3*11 4338-22179033 34384. °)^^ 433 434 £ 73 £-333 $1.2-3, 3l3 3*1 42.(18' )4 4 

3^3(20)3 43.343(19)3 °H4 34(21) 44 443 33, =l 343 34(21)44 33331 344 3* 
32(16)* 444 3* 43 -2-34 43 *3* 43^3(20)3 43-343(19) 441 5AS4 33 &4. 443, 3 
44 3*32(16)* 444 33 3X^1 3*1 32(i8-)3 3443 3i3 3*1 32(i8-)3 ^4«^ 43>ia(20)3 7l 
4(21)* 4443 43.3*3(19)3 344^4 44. 



nei4, £ 741 £33 433 43* 4444 3434 ui3 3*1 32(18 03 #3*3 71*3 #444 444 4 
3.3. #3*3 1.5-1.55 3-E3. 3444. Ji*3 31*11 3*1 323 344 *4 #3*3 2 3-E-3 :a#4 3 

a* 4443 4^43 33* *3ji #4 341 343, s. 73 513 33 32(1804 3j&£] #4*3 1.5-1.55 
3=3. 33 444 34J2.4 #3*3 *3*3 343s* fe^ 4 SItII 44. 



a.4, *14 cl4<>l jn-^fl 3*1 42.3 ^443 344 43^33 7l*6l 4<94t11 3^3. 43^3 7l*3 43 
4 3441 #33^. 41* 43 3^3(CD)3 344|fe 443 Jisfl 3*1 31^3 44 433 334 42-SL. 
aafl 3*1 'ffls^* S.44 3#'ffl2:7il3 47fl7> 4333 ^4 433 44*l3X. 43«a 43 4*H3 337> 3*lfe 4 
3 €-333 3^14. 24. 3L^I 33 ^3 43fe 433^. tt434 4s^. 34 ^14431. 4*14^ ?33 333 
44. 



433 343i*> 4fe 343 33 

343. 4 433 43^ 4333 ^i#4 S4I314 3^4fe 7fl^3 433 434 3^4fe ^as.3, 4344)3 

3 34 43 3i3 33 ^>4433s. 71)441- £3-2-513 343fe 4^43 334 44) 4 5U3i, 4343 
34. 444 4 5tf 4 313 3*1 «2f a>44 34/33 3 7>44 43 3 43* 3^4fe 434. 

4 433 4€- 434 ^-3 443 ^4 4*1* a.34 4 424 4 31^5. 34/333 7144 433 43* 3*4 
334. 

4 433 5 4* 3-34 434 33 ^ 344 433 3Ji 43:* 34/334^- 443 334 344 44*1 &3i 
3i 43:* 3*/334fe 443 33* 2-4 343 5A3 34/334 4 Sife 3i3=. 34/333 ?>44 433 4 
3*3*4^-334. 

433 43 % 34 
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3^ ^^7] 444, £ 44 * 4* 44. *44* 44* T»fl^|ofl^ ^8-A>Sjfe ^ ttffe 45!*4. * 

7) 42.1-4 44* Bfls]| a>oi^ 433.4 4444, 4s.i-s.*4 #44 4444* 4#€24. 444 

444 4* ^ofl e^5)£^ 44 *7l4 444 4*§- 44* 4H9U8D* 4*3 *4 42-1* 44* 

424* *4* 4*3 #71 444444 7l*i? «4*4 4* **** 7>4* ^4 44 42# S444. 44* 

4*423*4 4* 4* 34 44 *a4 $444 ^443 44*444 4*1- *444 44 444 444 4 

3l7l^ofl 4444. 44* 4*€2:4 ^(principal plane)44 44 3l4 44 €2.4 414444 44(L0)t 

4*4 44. 



LO = f - (nl 2 - nO 2 )R/(nl nO) - t 

(47H ffe 44* 4*42.4 3:444. R* 34 44 €24 44, nl* 34 44 €24 nO* *4 §4 

*. t* 444444 *4<4) 

»H, 4-4 314 44 ^27} «H^°] 4** 44* 4*€24 *444 -8-4 34 44 €24 414444 43( 
Ll)4 4*4 44. 

Ll = f - R nl/nO 

S4, 44444 * 42:444 444 4* "3444 44/4*44 4* *44 t^iaf * 444 44444 
4*4* 4** 4-4 44* 4#€2«- 4*44 44* 4*42:4 *444 44 4*4 3.4 44 424 414 
444 4e)(L2)7> f7> 45=4 4444^4 £44 44 4*4 * &4. 

6i«j., £4* 42.44 * 444 4* 4444 444 -M444. * 4*8* 44^. 4^3(CD), 444 44 
* 4i3(DVD). 44 c)i3(MD), 444 4^3 ** S44* a* 44 44- 444 44/444 4*4 * 
4, 444fe 444 £4* 444 44^3.4 4:£7l444 44 3^2. 44* 4a. 4i* 444* 444 444 
4444 4444. 



44 2 i* 4244. * *44 41 €444 4* 444 444 444-2-3. 5=444 #4. 434 444 44* 
*21(100)3.4 £4€ * &* iVBAif, 4 444 4 e, 14 445us.(ll0), *4444 €2(120), 4*^-4(1 
40), 4s. €2(220) 4 44*4(240)* £444. °1^4 *2*(100)* *4 4*44 444 44 ^ *4 4 
^4«1 4444. 2 14 24€ 444 44* 4*4243.4 44* 4* €2(160)4 34 44 €2(180)* 4 
s.4^-4. 44* €^(160)4 jl4 44 €2(180)^- *s.*(ioo)4 44^3(200) 4 e, 14 433.4 4444 4 
6.4, 2.4 44 €2(180)^ 44^3,(200)4 '4 4(201)44 e445=4 44^3(200)4 44(201)* 44t 4 
l«* 4«<>lui 45L*(100)* 44t 424* 4444 5A4. 4*4. 5i4 44 4^(180)^ 4*4*r 4 

cii:3L(200)4 4*4 ^-4*4 *^ #4** 7>4t ^44* 4<=-l 44444. 



ols)4 ^4* 7>4fe 41 €4^4 44 44t 44* 4* ^2(160)4 a4 44 42(180) aH4 44* t 1 - 
4 ^44 a4 ^47} 4445=^- S44^.s4 444 *4* «r &4. 4444 5L 2 4 5i 3* 4^44 4 
4* 4* €2(160)4 ^4 44 €2(180) a>44 44 2:4* 444 44a.7ls. 44. 

*4, 3c. 24 5L4€ 44 4°1. 444 4*4 44* z*5lS. 4ji, ji4 44 42(180)* i44* ** 7>444. 
^p-4 4* #4** nl. 4*4 #4** no, *4 44* R, *4 *4* z = 04 4 4. *7> S^44 #4 
* n04 "B ; a < »fl4 zis. *34* 4*. *7> 5U* 3* ^S* nl4 *4 S«44 ^444 zOS. ^44* *44s. 

^ m. *. 

zO = (nO/nl) R 
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zl = (nl/nO) R 

*14fe ®*fl7} 4144, *M zO°fl *M4*r ^44*r T"-4<r44 a«H»^7> *l]44 47)- €4. 

#Zfl4 £ 6 lfl*l £ 74. 4°1 ?4 f-a(0)^S. <U44fe ^44fe T*4 £4°1] «4-*M £|;E.3. #4 

*W #3 jxifls. $4444, £ 4°1 a* 34 42£) ?4 ?>4 6 1 44 4^ 44 ^^(zO)* 44^ 

$44fe 3-f -?4 £4*04 #44^ ^S.7> H>fl7fl 34. ^S.7> «H5 #44-8: <M ^ ^« 

44 4*1 s)<H ^ -S-J: 7fl^7> 5H^l7fl €4. 

444 £ 3a°fl 5=44 ufij. ^ol, ^1^(160)4 23434 fej-il ^ nfl, uLSfl 3*1 ^2(180)* 444 

54«=>1 44^3(200)4 ^Jl7l^^(202)«»i) 444 444?1 4*84fe. 444 tfl4-42( 160)4 3*11 34 42(180) 
AH^q ^ d 444 ifl442(160)4 ^(principal plane) ai^| 34 312.(180)4 

444 *I114(181)444 43(L0)fe 444 #4 444 44. 

LO = f - [(zl-zO) + t] 

= £ - [(nl/nO) R - (nO/nl) R ] - t 

= f - (nl 2 - nO 2 )R/(nl nO) - t 

<37H, R^r i^l 34 €24 *92iS(TM3)fi] tfe ^^351 71^ ^jMI-y. 

i£4, *14 3ti*fl 34 €2(180)4 JMI hfe 444* 4^*84 44. 

h = R + zO -t 

= (1 + nO/nl)R - t 



2444 ftl 44-8- 4#€2(i60)<Hi 44°1 -r44fe ^44^ 44-8- 44€2(160)4 ^4 *.s.-¥-44 44 
LO<>W 44(l8l)-fi- 7>4fe'#4* m, R, ^ h-i- 7}4 Ji^l 44 42(i80)«fl 44 6 1 #444 44^34 
44(20i)-§- ^44 43:444(202) 4^ 24* 44. 4 4 43:444(202) 44 4X. zOfe zl4 ^43 
AS.4 ^4 ^44 s4 *r44 Sife *44*H 4fe 3433. 43:4 44. (202) -*4| t?4fe 4^*^ ^4 ^44 
34 ^44 flTfl 44. 



44, 4^4 44 4^r :as)) 44 €27} (hemisphere) 4 4-f* 4444. 3* 3*1 5ffl27> SH"-^ 

3-f , zOfe ^^^2(200)4 4^(201)4 *F4l(t)7> S)44 43S, £ 3b«fl £A]^ ;^-g- ^|-i-3l2(16 

0)4 ^(principal plane) SLS.^ ulSfl *ffl2(180)£l ^114(181)444 44(Ll)fe 4^4 it* 7>^ 

4 44. 

Ll = f - [(zl-zO) + zO] 

= f - zl 

= f - R nl/nO 

£4, «>14 3.^ 34 42(180)51 ^Ml hl-g: 4S. ^ R«l ^tf. ■§h 
hi = R + zO - zO 



# 
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= R 



4443 f»i 44-8- 4#4a(i60)4 44*1 <^4fe ?44fe 44-8- 444a.(i60)4 ^4.*s4-44 43 

Ll(= f - R nl/n0)44 44(181)4- 7>4fe n l, 44 R, R* 7}-^ 4^jng 5L*ft 44 42(180)4 4 

4 < >1 «*«H 44^4 44(201)4- -f-^^ 44444(202) 44 44-i: ^4 44. <>1 4 447144(202) 
44 2j-2. zOfe 34 zl4 ^3-2-5-4 ?4 <^44 ss} ^S>7> 5!ife % °)2.3. ^2.71^(202) 4 

4 4^*^: ^4 ^44 34 ^}7> &7fl 44. 



3=4. °1 44 444*4(202) 44 43. z04 ^544 4 zlfe- 4*4 X44 <^ ^cf. 

zl = (nl/nO) R = (nl/n0)x (nl/n0)x 2 0 = t Xnl 2 /n0 2 

4444 444 444 4^4 ^^7> 1.2mm4 ^i3(it CD)* 4*443. 7HJ44. ^4 #4* 
* 1.0, 71^(201) 4 34 44 582(180)51 #4* nl-S- 1.55, ^H 1 ^^ 34 44 ^2(180)4 ^ R* 1.326 
2mm 44, 444 *fl* 424 7fl^ NA7> 0.644 4, 444 4* 42(180)44 34 ^4 4 

2(180)4 X^o|]^ 7fl^7> 0.992S. £44 447> ^7l7fl 44- ^4, 3*1] 44 42(180)4 444 4 

444 4»1 4444 4*4 4"^ +4 7fl^ (NA-a-jt )fe 1.5376.S.S. 44 =. 6-74 #4 44444 <>1*44 4 
4 7fl^ 1.044 ^Tfl ^4. 

£4, 4^H4 ^*H7> 0.6mm4 fqiEdt *<H DVD)* 4~§- 1 £43. 7};§44. 44 ifi^*4 *44 4* 7>4 
fe- 3* 44* 4* €2(180)44 44€ 4°1 3*fl 44 €2(180)4 £444 ^44<3 7fl^7> 0.833AS. 
44 447} ^7l7fl 44. E4, 3*j| «*| 3LS(180)4 4^4 4*44 4*1 4444 nfl€-<fl 4* *4 7fl^ (N 
A** )*r 1.291S. jq-H 1.0^.4^ 5Jt* 7>^tf. 

^lal^-^'a ^1*1^ t|.«lAss.T^« ^-€(110)011^ SlM^o] *21^<>1E) «2:(12 

0)# ^H-S-S ^«-«7l(140)# #4-^ tfl*«2:(160)ofl^ jtssj «i(l 

80H <QA}$5L, 4^1 ^^3(200)4 71^(201)* *J$*H <i47l^(202)<fl ^€4. 

«H, jlsii ^^l ^a(i80)4 ^ia(200) ^><>1^ 714 ^7> 4^1 ^-71 ?>q-ol sa* ^-t-°I|s. 3. ?b^6l 
^^sl ^ J§s.sl ^^ofl ^ro}, ^-71 SHQ 4°1 8W ■a* «r olel^- *Hi»l 

£ 4«1| H4£M £ 44 444 ^-a-g- -a47l^(202)"1| ^i*^ ^=s.4^44. £^^4 A 4 

-d^l ^tS* (na)7> i.o « "fl4 ^l^tl <8SS3MM4. B 4^d^ 4°fl4 4^v^r ^s. (na * a )7> 1.291^ «fl ji 
^| ^4 €2.(180)4 ^4^3(200) 4°14 4^7> l 4^- 3s. ^44 5a-i- ^*14, C4-a^r (NA +Jt )7> 1.291 « 
"11 jl4 ^4 «2(180)4 ^-^iH(200) a>o] 7 > 434 %2r$.4r °D4 ^ s^'S-i- 44^4. s-^ 6 !! 44 
^•01 b^4 C4SH 44 ^44s.s. ji4 44 €24 44^37} 444 44 4s. 444 4*4fe- «>1*4 4# 
4 4— s. 7>4444£ 4^1 444^fe ^4* 444 4^4. 

44, 4471^-4(202) 44 ^44 4^ 4-^4^-S.^-eI 44/4444 44 ^4 44 4s(i80), 444 3)-&4 
s(i60)-i-44 H444(i40)<i U444 4ui, 4€-44(i40H4 4444 4^-42(220)* 44 44#4(24 
0)s "3434 44#4(240)fe ^a>^ ^.35:44 4*1)4 44s. 4444 



44^-S. £ 5« 4^4^, 4 4^4 42 44^4 4€- 44<a 44* 4^44 4 4^4 41 44°fl7> 44^34 
7m 444 44/444 4fe 44^ 444 ^r4 44Si44, 42 44^fe 44^34 44 4-44 * 444 4 
4^24 44444^44=. 4^/44^^ 4^ 444 4^ 44<a 444 ^4 4*14 ^. ^12 4444 44^ 
44fe CD4 4°1 7m ^44 4-ir 4444 7l^/444fe t^iH «• ^sl 4^^a4 444^-4^44 4* 
4444 714/4 44fe 44 ±3.(.£. 64 s4€ 4^ as. 44/444 t^ia)£ 444 Si4 4-8-4 *r Si4. 
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*2 ^AH<q #*lfe #E.t-(100)3.*| 3.*}% SX*= ^^«-. *? #2?»flolE| 31 

2, €2 S ^#7i# £^4fe s. i* %3i*H 3^1 4<*H4H 3J4 f-°J45-3.. «H 

ms- 0134 ^-a **hh ^^-g. mi-iffl2(i6o)4 4?<§3 ^ 3*1 ^(i80)-& 

oo)4 ^ci^aA}.*]^ #35. ^ Bfl^]S|<H &4. ^^-g- ifli-€2(i60)* 3*1 *W #*1(500H -S^SM 5a«H 

*#4H<*| ZL S\*\7\ $4 ^ $X±^, 3.$ 34 i32(180)fe 4^ SL2.X\ *l ^4 44 -§-«J44. 



4*1, cd4 4°i 7m shw -a^M^ ^4 ^ at 4^^(200 )«■ 3W/7]*m*t *+4ife 4^ 

oH £)«H 41*1 «]« 4*1(500)1- 3** t|#«S<160)3 3*1* P1 4*1. ^ 31* 3*1 €2(180)51 

•H £(181)-2-3.^-e] 7]B) LI (= f - LI = f - R nl/nO, <^7H ffe 3#-§- ifl#42£) iM!7l4 R-8r 31SJ 3*1 € 

2^ 43, nl£- 3I*fl 3*1 €2^ #44, nOfe ^7l #444)°fl 444711 44. 44. 35. 6°f| S.A14 4^ AS. 714 

^ safe 4±7i-*««H<*i *»i *w*m ^ safe ^^(sow* ^^jw«> «fe 3*1 

4*44 ^d^ofl 4*B 4*1 «1* 4*1(500)4. t**4^ ^44 tA*42(i60)4 4*1* P2 4*1, ^ am 3*1 €2 
(180)3 «(i8D«.a-¥-^ fa 01**144. 44-4 -& ^4 *f|2 4*l<>1H 4«4*W ^fe7l*^ 

414 7l4/7fl4«U4 *fe %7)*vW £ 4S- 7]44 Safe «*7WWM 7l4/;W> ^ *7]4} 

*B*ns ^44 saTii a>44 <^ ^4^. 430) #4. 



44. *Q2 4*H414. 3.^1 34 €21- aV44*1 444 ^ h# 7>*|fe iSfl 34 fls^ Aj-g-4^. 

^4-<=flfe 4*-£-3-4 ^!5i7]^-^-i: 7Mfe t>r%. %v\^3.°\ 7\m^ ahs ^s-^ ^ ja4. ^, 4foa ^ -a^i 

■& ^lfe ^7|^^S1 7^ ^<flAi 7l>, Tfl^^r ^-iLS.^ ^71^- fflSfl «J ^<g^l3 ifl^ 

-i- ^a-A]^ ^ satq-. 

C-i-^-ol, ul^l 3^1 >fl#€2 A}o]^ 71 el* 71^- ^Ai AH-tfAM 37l# #^ 4» ^'H^ 

7l^^*l 7Br^ «■ «>M4 ^^44 2"ff *i]7m ^1# ^^tb4. 

It*. 7m ^oflA^ 7l^/7))>g«eo> 4fe ^7l^T.fl^ «. 0>U)B}. H>S. *J3:7l^S3HW 7l^^^O> 4fe 

71^- "Dsn* £3-3 SAtII Ai~g--g- ^ xi^.^. ^ ^4 

(57) <gfl 

Aj£7l^^4 ^<>1J£ 714* 3E.th«l-fe 5L«£. ^71-^- "fl^oflAi, ^3l7l^o|| ^^.5 7l^-4^^ 7l^-€ 

78^4fe 5a«HAi, 

#-ir ^5-3, #A>4i ^-71 ^ ti|40«1A] *A>^fe ^^-4fe ^-s-*: 

A>7l ^JE.^4 ^71^- A>61^ #33.41 Bfl*lSl<H ( ^"71 tfl#ii2:S.^-El *J£*S+^ #A>4 7l 

^#-8- tfl#€2; ?J 

-»7l ^-g- *fl#«a^ *?W "fl^fl A>«1^ #3S.41 «fl*lS)<H. #71^. i.))^^ 714 ^5l£^- ^71 #71^- nfl 

SflSl 71 4^ *J=4fe ^l^^r Jg^-i- ol^-ul Aj-71 #2.^* *^4fe ^2^* «>l^-al, ^1 ^#-§- Tfl-i"€2S^-El 

4€" *7l4*|J<|il 71^ *44^ "*7l %7]^ -il3:7l^-^<fl ^7)1 -*7l #7l^-i>])5(ll^ 7l^ 

7>4fe ^flfis. *g>84 i^l 3^1 €2 



- 7 - 




^-2002-0037638 



#4 3^4 f, aLSfl 34 ^4 42^4 *****-R. 3.^ 34 €^4 ^^l- nl, *7] 

n0, #7l^t>l)44 4*4 Jf-^ft- t4 £ nJl, #4 q««£4 ^(principal plane)«IH #4 JZ.4 

34 31^4 4na444 43<L0)7l 

LO = f - (nl 2 - nO 3 )R/(nl nO) - t 

*j 4 -a- jw as ji^s. 71^/4 ^ oi 7 >^tt *4 «a #4 . 

3^ 2. 

4W floH. 

#7l JL4 34 iglS4 tMI hfe 

h = (1 + nO/nl)R - t 

$] 3^§- *Br ji^s. 4^/4^8 4 7Hr-& #4. 

St 1 * 3. 
4l^°fl 5U«H>H, 

#4 JHfl 34 427)- *^1} A3-4 ^7>R«H, 

#71 3#"§- 41^4 ^44 #4 31*1) 3*1 ^4 41^444 44(L1)4 
LI = f — R nl/nO 

SI 5J-ir f^8*S. 4fe JL^H 7l4/4^°l 7>^ *4<*| #4. 

-asi7i^ii 4-4-4 4*§- #44 4444. -aji7i^^i 44444 7 i-^* 4ja.s 

4 ; 84fe#4 < a #44 SW4, 

#* ^4. *>Wa #44 4444 ^A>S|fe *-§- ^#4fc #.£«■; 

-S-71 #44- 4*i) amsi *3sl4 4444, ** 3#44^ 3## 4*«2:; 

34 4#3!2:4 "3^44, #7l 3## tn*«a# 3-4 314 ^^l «a<4 444 #4- #44 4 
4 °1# #4; 35 

#71 3*4 t|)*«2Si). #44 44 4"44 *33-4 Hflsq^Ol, *44 e34S4 #7] #44 44# * 

*Kr *l*fr 4*31 #4 #S.** #4^ 424£ TO* 444, #71 *44444 71*4 ^#4 *& 

MM 7>4fe 4s.s 4331 *TO 31*11 34 «a 

* x*44. 
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-8-71 3#-§- H**a£Jf3 4& ^-S- 713* *4*H #7l ^71^- nfl*l|3 ^Jl7l^^i 2:3 g>fl ^ 

3-f, #71 $1*1 *1* #37} #71 3#8- °1^3H, #7l 33-§- ^(principal planeH 

3 -8-71 aL*l| 33 ^3 313333 33(L1)7> 

LI = f - R nl/nO 

(333 ffe 33-g- t||tt«23 =£;333, R* 3*1 €^3 43, nl£ ulSfl 3*1 3^3 Wf., n0 fe ^3 ^3 

#3.) 

3 35L^ 3333-H, 

#7l 33-8- tnMas*3 33^333 33* 3-33-3 ^ 4a 33:3^3^33 ^a}-ai^ 5,3 ^ 

3 3fe #7l 413 3* #37} #7l 33-8- tfl#32.§ 3*33. #71 33* 3*31^3 -^(principal plan 

e)33 #71 JlSfl 33 3^3 313333 33(L2)7} f7> 3^ 3333.te 7m* ^"3 3fe 3L«S. 3*/3 

3°i 7}*3#3<a #3. 
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